Introduction
" First you use the needle (acupuncture), then the fire (moxibustion), and finally the herbs" (Tsuei, 1996) has been well known in traditional Chinese medicine (TCM). In fact, moxibustion has played an important role in Asia for many years (Zhang, 1993) . In Huang Di Nei Jing (Maoshing (translator) , 1995), we can find that when needle can't do a job, moxa is a better choice. Moxibustion rather than acupuncture was commonly known to be able to alleviate pains due to some severe diseases, manifested by vacuity cold and Yang deficiency. In clinical studies, many experiments have confirmed that moxibustion is capable of enhancing immunity, improving circulation, accommodating nerve, elevating internal secretion and adjusting respiration, digestion and procreation et al. (Wu et al., 2001; Liu, 1999) . However, moxibustion has not been accepted as the modern therapy because of the lack of standard practice procedures. In addition, moxibustion is subject to the danger of scalding patients. More effort needs therefore to be made so as to increase our knowledge about the moxibustion and, hopefully, these research endeavors can be useful for the future instrumentation and standardization of the moxibustion by some emerging modern scientific techniques. The existing moxibustion techniques can be separated into the direct and indirect moxibustion therapies. In direct moxibustion, the ignited cone-shaped moxa is normally placed on the skin surface near acupoints ( Fig. 1(a) ). Direct moxibustion can be further categorized into the scarring and non-scarring two types. During the scarring moxibustion, the ignited moxa is placed on the top of an acupoint till a time it burns out completely. This moxibustion type may lead to a localized scarring or blister. In non-scarring moxibustion, moxa cone is also burned directly on the skin. Such an ignited moxa will be removed when it may cause an intense pain (moxa temperature should be under 60 ºC). Usually, this treatment will result in a small red circular mark on the local area of the skin surface. Indirect moxibustion becomes more popular currently because of its lower risk of leading to pain or burning. A common way of administering the therapeutic properties of moxibustion is to place, for example, a piece of ginger, garlic, salt or pepper in between the burning moxa and the skin. One can also ignite a moxa stick, which is placed at a location that is closed to but not in contact with the proper acupoint (about 2cm to skin surface normally), for several minutes until the color of the skin surface near this acupoint turns red. Another indirect moxibustion involves the use of needles and moxa. One needle, along which there is a moxa, is inserted into the skin near an acupoint. The moxa cone placed on the inserted needle is then ignited. The heat generated from the burning moxa will propagate through the needle and transfers to the acupoint by heat conduction. During the treatment, a dried moxa is in contact with the handle of the acupuncture needle after the needle being inserted into the acupuncture point. This is followed by igniting the moxa and keeps it burning ( Fig. 1(b) ). Typically, the distance between the skin surface and the burning moxa stick is about 2 cm. Heat will be conducted from the needle handle to the needle itself and, finally, to the surrounding tissues. This acupuncture design with a burning moxa can result in a certain temperature gradient across the needle and enhances thus the Seebeck effect (Cohen, 1997) . In Chinese medicine theory, this method is highly recommended for use to the patients with vacuity cold and wind damp (Wiseman, 1998) because of its functions of warming the meridians and promoting the qi-and blood-flow. This therapy is also applicable to release the cold-damp syndrome for the patients with rheumatoid arthritis (Li, 1999) . The other technique is called as the fire needle, which involves holding the needle in a lamp flame until it becomes very hot. Afterwards, the needle is inserted to the appropriate depth in the body quickly and it will be removed later on (Unschuld, 1988) . In comparison with the fire needle, the warming needle permits a longer retention and a gentler heating.
In the present study, our aim is to study two types of the moxibustion effect, which are the direct moxibustion and the warm needle moxibustion therapy. The acupoint GB 38 shown in Fig. 2 is one of the acupoints in gall bladder (GB) meridian, which has an association with the hemicrania and joint ache. Figure 3 shows the axial image of the right leg for the GB38 acupoint (Courtesy of Yang (1997) ). At the calf section, the number of capillaries near the GB acupoints is greater than those at the other parts of the body (Fei, 2000) . Also, the distances between the three acupoints GB37-GB38 and GB38-GB39 have about an inch. Therefore, the acupoint GB38 was also the focus of other investigations Huang and Sheu, 2008; Huang and Sheu, 2009 ). 
Materials and methods
Heat transfer process will be modelled by solving the energy conservation equation. In this study, the energy equation cast in the following form for the total enthalpy will be employed
In the above equation, h 0 , k, ρ and T denote the internal energy, thermal conductivity, density, and temperature, respectively. Simulation of equation (1) will be carried out by employing the commercially available finite volume package, namely, CFDRC (CFD-ACE-GUI, 2003). This software package provides the modules CFD-GEOM for grid generation, CFD-ACE + for solution solver, and CFD-VIEW for post-processing. A convenient graphical user interface (GUI) is also available for us to specify the physical properties of the medium under investigation, and the specification of the boundary and initial conditions. In CFD-ACE + solver, the finite volume method employed together with the algebraic multigrid method and the conjugate gradient squared solution solver accelerates calculation. In this study, the central difference scheme is chosen to approximate the parabolic type partial differential equation. A hybrid mesh, containing the structured-and unstructured-type meshes, shown in Fig. 4 , is generated from a total number of 17,000 nodal points. These mesh points have been properly distributed so that the predicted solutions can more accurately represent the physical phenomenon. In all the investigations, calculation of the enthalpy will be terminated when the residual norms fall below 10 -15 . As the number of the employed nodal points (with 17,000 nodal points) is increased by 50% (25,500 nodal points), only a negligibly small difference is seen in the simulated results. On the contrary, when the number of the mesh points is decreased by 50% (or 8,500 nodal points) the computed difference shows an apparent difference. Hence the mesh generated by 17,000 nodal points will be employed in the present simulation.
In order to know the temperature distribution due to the ignited moxa, the IR images are collected under the almost dark condition. Both of the camera and the subject are kept apart from the external draft IR source. The room temperature and the relative humidity are kept at 22 ± 0.1 ºC and 60 ± 7%, respectively. Thermography is taken using a calibrated IR camera (ThermaCAM® SC500 from FLIR Systems TM) (ThermaCAM SC500 Operator's Manual), which is equipped with a 45°close-up optic. Sensitivity, accuracy and resolution of the employed camera are kept at 0.07 ºC, ± 2 ºC and 320 × 240 pixels, respectively. The distance between the camera and the subject under current investigation is 0.1 m. The infrared images of the subject obtained at a sampling rate of 4 Hz will be directly recorded in the computer's hard disk. 
Results and discussion
In the present study, direct moxibustion and warm needle moxibustion treatments are described below:
(A) Direct moxibustion therapy
In direct moxibustion therapy, a burned moxa (moxa cone of 1 cm diameter and 1cm length, made by the dried Artemisia vulgaris leaves with a weight of 100 mg), was placed on acupoint GB38 shown in Fig. 4 . The boundary conditions applied at the calf section with tibia and fibula are shown in Fig. 5 , where BC I, II and III represent the isothermal, symmetric and heat transfer (by convection) boundary conditions, respectively. In BC III, the wall subtype is chosen to account for the transfer of heat to/ from the external environment (i.e., the area outside of the computational system) by heat convection. On the boundary BC III, it is specified by the condition The predicted temperature on the skin surface is plotted in Fig. 6 . The moxa temperature on the skin surface is specified at 60 ºC (non-scarring direct moxibustion), which is the highest www.intechopen.com temperature that our skin can possibly endure, to avoid scarring. On the tibia and fibula, their temperatures are given to be T= 37 ºC, which is the same as the normal human body temperature. One can find from the upper and bottom planes of the simulated domain that the temperature near tibia and fibula has a larger value ( Fig. 6 ). Since moxibustion takes place at a location near GB38, the area around this acupoint has a higher temperature. Figure 7 shows the predicted skin surface temperature that is distributed in a form similar to the experimentally measured temperature by IR image. Fig. 8. (a) The predicted temperature contours on the cutting plane that passes through the acupoint GB38 when the moxa temperature on the skin surface is 60 ºC; (b) The predicted temperature profile along the line connected by two points A and B shown in Fig. 8(a) . The " heaven" , " man" and " earth" represent three depths of the investigated acupoints, respectively
In TCM, there is one concept, " When using acupuncture, shallow position treats diseases nearby; deep position treats diseases far away" . Huang Di Nei Jing (Maoshing (translator), 1995) supported the similar concept that at the same acupoint shallow position treats mild diseases; deep position treats severe diseases. This enlightens that at the same acupoint different depths have different effects and even have an association with different diseases. For this reason, this study makes an effort to get the temperature distributions at different depths. Figure 8 (a) shows the temperature contours predicted at the plane of the acupoint GB38 for the case that the moxa temperature on the skin surface is 60 ºC. From Fig. 8 (b) , one can see the predicted temperature profile along a line that is connected by two nodes A and B. For the acupoints " heaven" , " man" and " earth" , they have three different depths at a location in between the skin surface and the associated connective tissue. When the moxa temperature is controlled at 60 ºC, which is the temperature considered in the case of nonscarring moxibustion, the temperatures at the " heaven" (~ 0.5 cm beneath of the skin surface), " man" (~ 1.0 cm beneath of the skin surface) and " earth" (~ 1.5 cm beneath of the skin surface) are predicted as 60 heaven T = 47.8 ºC, 60 man T = 41.7 ºC and 60 earth T = 39.0 ºC. From the skin surface to " heaven" , we found that temperature decreases faster (12.2 ºC in between) than those from the " heaven" to " man" (6.1 ºC in between) and from the " man" to " earth" (2.7 ºC in between) as well because our body has a bigger thermal capacity than that of the moxa. As a result, the temperature variation on the side of " heaven" is greater than that along the " earth" . The relation between the predicted temperature (T) and the depth (x) can be expressed as 25 Fig. 9 . (a) The predicted temperature contours on the cutting plane that passes through the acupoint GB38 when the moxa temperature on the skin surface is 100 ºC; (b) The predicted temperature profile along the line connected by two points A and B shown in Fig. 9(a) . The " heaven" , " man" and " earth" represent three depths of the investigated acupoints, respectively Fig. 10. (a) The predicted temperature contours on the cutting plane that passes through the acupoint GB38 when the moxa temperature on the skin surface is 200 ºC; (b) The predicted temperature profile along the line connected by two points A and B shown in Fig. 10(a) . The " heaven" , " man" and " earth" represent three depths of the investigated acupoints, respectively respectively. The predicted temperature contours on the plane of acupoint GB38 and the temperature profile along the line connected by nodes A and B are shown in Fig. 9 and Fig. 10 . The relation of the predicted temperature (T) and the depth (x) is expressed by the equations given below 14 
According to equations (3), (4) and (5) for the burning moxa cones with the temperatures at 60, 100 and 200 ºC, the temperatures at the " heaven" are decreased to 47.8, 68.1 and 116.0 ºC, respectively. In the scarring type (moxa temperatures are 100 and 200 ºC), the temperature decrease from the skin surface to the " heaven" is faster (31.9 and 84 ºC in between the skin surface and the " heaven" position) than that of the non-scarring type (12.2 ºC in between the skin surface and the " heaven" position) since our human body has a larger thermal capacity than the moxa. The temperature, as a result, will quickly reach the human body's temperature (37 ºC). In summary, the higher the moxa temperature, the more rapid temperature decrease will be. Fig. 11 . Acupuncture needle is composed of one-column needle (portion I) and one coil-like handle (portion II), which covers the column needle
(B) Warm needle moxibustion therapy
In warm needle moxibustion, a needle assembly for the acupuncture includes a column needle (portion I) with its head having a sharp end and one coil-like handle (portion II), which covers the dull end of the column needle ( Fig. 11 ). Between the column needle and the coiled handle, there is a triangle air volume (portion III). Figure 11 shows the investigated 1.5-inch acupuncture needle. A hybrid mesh system, containing both of the structured-and unstructured-type meshes shown in Fig. 12 , is generated from a total number of 7,421 mesh points. The mesh density has been properly distributed so that the predicted solutions can accurately represent the physical phenomenon. The boundary conditions are applied on the calf section with the needle shown in Fig. 13 , where BC I, II and III represent the isothermal, symmetric and convection types of boundary conditions, respectively. BC Ia shows the boundary of needle handle which has a moxa. The temperatures in the bone zone (BC Ib), including both fibula and tibia, are specified as 37 °C to simulate the human body temperature. The symmetric conditions at the upper and bottom sides of the calf section (BC II), which connects knee and foot, are specified to account for the same structures of muscle tissues with knee and foot. BC III is normally chosen to simulate the transfer of heat to/ from the surrounding (i.e., the area outside of the computational system) by convection. This subtype is used to fix either the wall temperature or the heat flux. On the wall of BC III, it is prescribed by equation (2). Table 1 . The predicted convergent temperature, which is plotted in Fig. 14, on the needle surface is seen to distribute similarly to the experimentally measured values by IR image. Fig. 15 . The predicted skin surface temperature contours for the warm needle applied at the location near the acupoint GB38 Figure 15 shows the predicted temperature contours near the acupoint GB38 under the warm needle moxibution. Around the skin surface of GB38 (Fig. 16 ), the surface temperature near the needle is predicted to be about 36 ºC, which is 1 ºC higher than those predicted at other skin surfaces (~ 35 ºC). Figure 17 shows the predicted temperature contours on the cutting plane passing through the acupuncture needle and GB38 acupoint. The tissue temperature around the needle is only 1 ºC higher than the others. Since the needle is smaller in comparison with the human body, the effect of the burning moxa on the needle handle is relatively less significant. In TCM, warm needle is involved in the acupuncture with burning moxa. From Figs. 16 and 17 , we can understand why this treatment isn't called as the hot needle, even the burning moxa can reach the temperature that is as high as 200 ºC. Figure 18 shows the predicted temperature profile along the center line of the acupuncture needle. From this profile, we can see that the temperature can be varied from 200 ºC (burning moxa section) to 36 ºC (skin surface) in a short length of 2 cm. We can also observe GB38 Fig. 18 . The predicted temperature distribution along the centerline of the acupuncture needle for a warm needle applied at the acupoint GB38
Experimental measurement

Conclusions
In the present study, both of the experimental measurement and the numerical simulation have been conducted to get the temperature distribution near the acupoint which is subjected to a direct and a warm needle moxibustion treatments. The predicted temperature contours on the skin and needle surface are shown to agree well with the experimentally measured results. Moreover, the temperature contours of the tissues beneath of the skin surface have been also numerically predicted. In direct moxibustion, even for the lower temperature treatment type (non-scaring type, moxa temperature equal to 60 ºC), human tissue temperature is still increased by 12 ºC at the heaven position. This explains why moxibustion rather than acupuncture has a better ability to treat severe diseases. In warm needle moxibustion, along the centerline of the acupuncture needle the temperature decreases very rapidly from the burning moxa section (200 ºC) to the skin surface (36 ºC). The temperature near the needle is only 1 ºC higher than those predicted at other places. This predicted phenomenon explains why we call it as the warm needle rather than as the hot needle treatment. These results are fundamentally important in the study of TCM. However, the physiological effect of warm needle moxibustion should include the contributions of acupuncture. For this reason, a better understanding of the total effect of the human body needs more intensive studies.
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